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TITLE: SUPERHIGH STRENGTH STEEL 

PUBN-DATE: March 8, 1982 

I NVENTOR- I N FORMAT I ON : 

NAME COUNTRY 
FUKUI, SHOICHI 
YOSHIDA, KOJI 
TADA, KOICHIRO 
WATANABE, KENICHI 

US-CL-CURRENT: 420/84 

INT-CL (IPC): C22C 38/22; C22C 38/22; C22C 38/50 
ABSTRACT: 

PURPOSE: To provide sufficient toughness and ductility as well as high strength to 
a steel by adjusting the S content to a very small amount to reduce the amount of 
unfavorable inclusions and by adding Ca to form a spheroidal composite inclusion of 
oxide and sulfide. 

CONSTITUTION: This superhigh strength steel consists of, by wt., 0.25-0.55% C, 

0.15-3.00% Si, 0.35-1.00% Mn, ^0.005% S, 0.60-1.20% Cr, 0.15-1.20% Mo, 
0.001—0.01% Ca and the balance Fe with inevitable impurities. When the S content 
exceeds the upper limit, no sufficient effect is produced by Ca for improving the 
toughness and ductility. Ca forms oxysulfide, the oxysulfide floats and separates 
during casting and remelting preferably in a vacuum, and the residual inclusion is 
spheroidized after the remelting. Below the lower limit of Ca produces no effect, 
and above the upper limit of Ca increases the amount of inclusions and deteriorates 
the toughness and ductility. To said basic components may be suitably , added one or 
more among Ni, B, Ti, Nb and V. 
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1. « W O 45 I* 

(1) Itltr^ C : 0.25 --r 0.55 5S ^ Si : 0*15 
3.00 ^ Mn : 0.35 1.00 ^ ^ S : 0.005 ^ 

Cr : 0.60 1 .20 ^ Mo : 0.15-^1.20 
Ca : O.OOl'^O.Ol**^*^ m^Fe ^ t 

(2) stfltTx C : 0.25 0.55 56 X Si : 0.15, 
3 . 00 56 > VTn : 0 . 35 — 1 . 00 * , S : 0 . 005 56 

I^T s Cr : 0.60 — 1.20 « . Mo : 0.15 — 1.20 
16 ^ Ca : 0.001 — 0.01 « ^ xry til : 0.30 — 
4.00 * , B : 0.0005 ^0.02*<O^^(Olt9t 

(3) ^ ^ T ^ C : 0.25 — 0 .55 56 ^ Si : 0.15 
— 3.00 56 ^ Mn : 0.35 1 .00 56 > S : 0.005 56 
HiT s Cr : 0.60 — 1.20 56 ^ Mo : 0.15 1.20 
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56 ^ Cb : 0*001 0.01 56 X ^ X Ti : 0.01 — 
0.20 56 ^ Mb : 0.01 — 0.30 * h V : 0.05 — 0.30 

56<0^t><Dl^^^Wt2*«Jtyl h*li-^, « ?P Fe 

i>- X mm^m^Tt^ h ^ h c t ^ t ^ h 

(4) t * T ^ C : 0.25 — 0-55 56 ^ Si : 0.15 
— 3.00 56 ^ Mh : 0.35 -^ 1 .00 56 ^ S : 0.005 56 
SslT s Cr : 0.60 1 .20 56 ^ Mo : 0.15 1.20 
56 . Ca : 0.001 — 0-01 56 *^ X f*i : 0.30 — 
4.00 56 ^ B : 0.0005 --0.02 56©5*>Ol*l't 
ftn 2 5 b (C Ti : O.Ol 0.20 56 V Nb : 

0.01 0.30 56 V V : 0.05 — 0.30 56 O ^ t> 1 

*t ?g a? ift ^ & i/^ «t g «fr m ffl ^ («i <: £ 
om^<t^tt>iy'rf^^'$tiXtXii'!)s O it 
tC>s if- I 6 OK^f ^ J: O « « t ^ 
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i^kSttm^Ki-^itmi^^ h (/ ifC i it Jl 

c(o^^(o^^m^^\ l:ft-Cx'c : 0.25- 

0.55 Si : 0.15--3.00 5Sv Mn : 0.35 

1.00 $S X S : 0.005 ^ J^T^ Cr : 0.60 1.20 
$S ^ Mo : 0.15 - 1.20 5S ^ Ca : 0-OQl — 0.01* 
t^^. ««Pc i^XCh'^f flTfttt^^lIlfcjft-^fl: 
$<brCtl^«^ICX^x Nl : 0.30 --4.00^^ B : 
0.0005-^0.02^^ Ti : 0.01 — 0.20 56^ Nb : 
0.01— 0-30 Itx V : 0.05 — 0.30 *05*><D1 
rtl>tfi2^JSili:«:#'^Ux li^ ^<C + ^ 

nm^tt htf '(C^^^ ^ A its i<K:«^fil«frC« 
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s ^ =fir jt ^: 0 .005 * )=A T i ^ ft ft & c t i 

Cttx 0.25 56;|c<?lrtteSAt4i3:^CK«C^JK* 
«4*-f&JbT + ^T«:<, 0.55$6i«;t-6il» 

0.15* *i<ir#±j»i«# + ^T ftu^orjfF* u< « 

« 9 ftiR«k L I6^ t iHit ^ Si ^ifc « 

Mn ttx 0.35 *5fer« A^fS) J:0«&*^/h^ 

<. 1.00* «rie Jt & i«fC««45SI/^tt* tr 
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Sd:x 0.005 * a ;t & t X Ca *C X -6«5tt 4 b 

<b t>* K: <i5 n % i,^ -2, C: r il :5 o U ?t 7)i o X V 
S «t 0.005 *^TO««ft«l^-r-&'i^S355«)4p 

0.60 *3lca«rrti:iSES¥A#OlRli::&5 + fl'rft<. 
1.20 *S:«i;L&i«5iSE«Ci5»v^-CWli4bC^»C« 

♦C'£j^47c*-r^>&;55> o.i5« ^i^yai r f±.rt<D^5!r* 
9i- r it < ^ 1 .20 * * ;© ;t * t ^ iO ^ft * 3)5 /h 5 

Cart , .«i X if ^ ft fb 1^ f£> « ft 7c « r 

itltfklfe COxyaulfide )«:'f1^i>. m ^ X ^ m 
U>t<^ft1to ^:^4fe<fc^ ui» U ft ;ds f>x0.001 



* Ttt JtlB5»*;6J ft < . O.Olit ^mJLh tit 

«E%^^<ft!?v Wttftf>tfrc«tt;^1i!?<fer*o 

t o % ^ w: & « mmm<o ^ wt ± e o «i 

<r$)2>;*Sx Ni , B ,Ti ,Nb ,V<D5*>01*f 

c n. ©jc 3(6 ^r^ -ir 4 #ic 

41> Ni : 0.30 - 4.00 * ^B : 0*0005 - 0.02* 

Mi *r±0.30 ^^Icm-r^^^t^AltOrSl hiJ'XC^Ug 

ft ft c>c/K:ffi<4oefc#o*ftlft3*«/h^ < X 4.00*^: 
J:£^*3d«l©* r ft < ft *> X je5<i5ft4>0 
tftio ttt^ B W: 0.0005**t3I i: 
O5«*;*S4<ft0. 0.02*«:«JLt%±e»«3d« 
/j^^ <ft^>^#telCKfi«ii^OMa»C4ft&o 

^ Ti . Nb , V ti:is^m^mm<tKmn 

Ti : 0.01 — 0.20 * X Nb : 0.01 — 0.30 * ^ V 
: 0.05 — 0.30 *CD^ t><Ol mtitttZ^i^^ti 
«S?Hii-So c o « &x Ti 0-01 * * i« T«:iea#ft 
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mmit^o '^^i^ 4 < , 0.20 5S ^: « ^ * i «f*^?c « 
L<^ftT-r-^)OT^^f•4U<^:V^o^^^NbW:0.01 , 

*i>xCfiSA«:e»itti<k^>t**c, o.oio - o.o40« 
lS5jca«irrii:se«*l*T&2*<> 0.040 ^ ^ i 
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